Abstract -Design and simulated performance of miniaturized coplanar waveguide (CPW) bandpass filters (BPFs) using high T c superconducting (HTS) films have been studied. In order to realize the miniaturized filters, we coupled highly packed meanderline half-wavelength resonators with interdigital gaps, where admittance inverters ( J inverters) were made of interdigital gaps. The exact J values, susceptance slope parameters and the length of the resonators of the meanderline are calculated from the cascade matrix ( K -matrix) and scattering matrix ( S -matrix) obtained by the 2.5-dimensional electromagnetic field simulator (HP-Momentum). It is shown that the size of the filters can be greatly reduced by introducing CPW with highly packed meanderline geometry (center frequency 2GHz, fractional band width 15MHz, ripple 0.1dB) packed within 10mm square substrate. Simulated performance was in good agreement with the designed one.
I. INTRODUCTION
ICROWAVE applications, such as mobile (IMT-2000) and satellite telecommunications, of high-temperature superconductors (HTS) are very promising because of their extremely low loss at the microwave frequencies. There are a lot of reports about micro-stripline bandpass filter (BPF) [1, 2] . On the other hand, coplanar waveguide (CPW) configuration is one of the simplest structures of planar transmission lines. CPW is particularly well suited to HTS films because only one side of the substrate needs to be coated before patterning. Besides, since the size of the CPW device can be reduced in scale without changing its characteristic impedance, it is easy to integrate the filter (or broadband impedance matching circuit) with antenna and optical modulator [3, 4] . Finally, we can fabricate miniaturize fully superconducting receiver.
We fabricated YBCO CPW BPF at 10GHz and measured the frequency responses at cryogenic temperature in the previous papers [5, 6] . However, this BPF needed large size substrate. In this paper, we give a detailed design theory of the miniaturized CPW BPF. In order to realize the miniaturized filters, we coupled highly packed meanderline half-wavelength resonators with interdigital gaps, where admittance inverters (J inverters) were made of interdigital gaps. J values, susceptance slope parameters (b) and the length of the resonators of the meanderline are independently and exactly calculated from the cascade matrix (K-matrix) and scattering matrix (S-matrix) obtained by the 2.5-dimensional electromagnetic field simulator (HP-Momentum). It is shown that the size of the filters can be greatly reduced by introducing CPW with highly packed meanderline geometry within 10mm square substrate. Simulated performance was in good agreement with the designed one. We also studied in detail the dependence of the group delay and the guard band margin on the pole number and the allocated ripple.
II. PROPERTIES OF FILTER ELEMENTS OF MINIATURIZED BPF
BPF at microwave frequencies can be realized by using the opened resonators connected with J inverters (J i, i+1 ) as shown in Fig. 1(a) , where, B is the susceptance of the resonator [7] . Fig. 1(b) shows the transmission line model of Fig. 1(a) . In the figure, b i and γ are the susceptance slope parameter and propagation constant, respectively. For perfect conductor (in our simulation), γ is reduced to phase constant (jβ). Fig. 1(c) shows the equivalent CPW configuration of Fig. 1(a) and (b) . In order to realize the J inverter using by CPW structure, interdigital gaps are adopted in the signal line as shown in Fig. 2 . The exact J value and the electrical length φ and the length of the resonator of meanderline (λ m ) at 2GHz are given from the S-matrix and K-matrix by the 2.5-dimensional electromagnetic field simulator, as follows. where, g i are the element vales of BPF [7] . Fig. 6 shows the pattern of the highly packed CPW BPF {pole (n), n=3, center frequency (f 0 ), f 0 =2GHz, w=0.75% and L Ar =0.1dB}. The substrate is assumed to be MgO with thickness of 0.5mm and the width between the earth conductors is 70µm. The size of the BPF is 2mm 10mm. Fig. 7 shows the simulation results of various 3-pole CPW BPFs, where "TL model" means the calculated result of the transmission line model. In the figure, θ is the angular resolution. All simulation results are similar to TL model. Because the simulation time of θ=90º is 8-times as fast as that of θ=15º, we adopt θ=90º in order to save the memory and CPU time during the simulation. Fig. 8 shows the geometry of the n=3 CPW BPF at 2GHz. The filter size is 2mm 10mm. Fig . 9 shows the pattern of the n=11 BPF. In our new design theory, n=11 BPF can be packed within 10mm 10mm substrate. 
IV. POLE NUMBER DEPENDENCE OF FILTER PERFORMANCE

A. Guard band
BPFs are required to have excellent rejection characteristics in order to maintain good telecommunication qualities. Fig. 10 shows the n dependence of the guard band of Tchebyscheff BPF, where guard band=(w off -w)/w. If 80dB rejection within the guard band=33% (w off =1%) is required, we need at least n=17. Extremely small size BPF (15mm 10mm for n=17) can be realized by using our highly packed meanderline structure. 
B. Group delay
For the filter fabrication, it is important not only guard band margin but also group delay time (τ) for spectrum spreading technology, such as W-CDMA telecommunication system. In order to vanish the waveform distortion, it is desirable that τ is constant in the pass band. We discuss the relation between effective bandwidth (w eff ), and n and L Ar . w eff is defined as the bandwidth if deference of τ (∆τ) and 60dB-bandwidth (w -60dB ) =1% are given [See Fig. 11 ]. Fig.12 shows the pole number dependence of the effective bandwidth. In the figure parameters are ∆τ and L Ar . Because w eff saturate at low ∆τ, we must choice the optimum values of pole number and ripple. Pole number (n) 
V. CONSIDERATIONS FOR EXPERIMENTS OF HTS BPF
A. Quality factor and insertion loss
Cohn calculated the relations between insertion loss (IL) and unloaded quality factor (Q ui ) of the BPF [8] . Fig. 13 shows the Q dependence of insertion loss when w=0.75% and L Ar =0.1dB. In the figure, Q 0 and IL 0 are the unloaded quality factor and insertion loss at 1GHz. Because the high-quality miniaturized YBCO CPW transmission line has Q 0 ~10 5 at 1GHz [9] , we can realize n=21 YBCO CPW-BPF which has IL 0 ~0.2dB. In our highly packed meanderline BPF, n=21 BPF can be packed within 20mm 10mm substrate. 
B. Effect of kinetic inductance
HTS thin films have basic parameters such as the magnetic penetration depth (λ(T)), which has influence on BPF performance. w and f 0 must be changed
, respectively, where, L k and L m are kinetic and magnetic inductance of HTS thin film. L k and L m of our YBCO film have been already measured and λ(T) was also estimated [10] . Fig. 14 shows the expected frequency responses at 20K without correction, where YBCO film has λ(T=20K)~400nm. 
VI. CONCLUSION
Design and simulated performance of miniaturized CPW BPF using HTS films have been studied. The exact J values, susceptance slope parameters and the length of the resonators of the meanderline are calculated from K-and S-matrix obtained by the electromagnetic field simulator. It is shown that the size of the filters can be greatly reduced by introducing CPW with highly packed meanderline geometry. Simulated performance was in good agreement with the designed one. We also discussed in detail the dependence of the guard band margin and group delay on the pole number and the allocated ripple. 
